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Abstract
We calculate and analize the O(
s
) one-particle inclusive cross section in polarized deep inelastic
lepton-hadron scattering, using dimensional regularization and the HVBM prescription for 
5
. We
discuss the factorization of all the collinear singularities related to the process, particularly those
which are absorbed in the redenition of the spin dependent analogue of the recently introduced
fracture functions. This is done in the usual MS scheme and in another one, called MS
p
, which
factorizes soft contributions and guarantees the axial current (non)conservation properties.
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Introduction
In recent years, there has been an increasing theoretical and experimental interest in semi-inclusive
deep inelastic phenomena. Specically, the use of one-particle inclusive measurements, with polarized
targets and beams, has been indicated as an adecuate tool to unveil the spin structure of the proton,
elusive to the totally inclusive experiments (see [?, ?, ?] and references therein).
However, the available calculations [?, ?, ?] of one-particle inclusive polarized deep inelastic cross
sections do not include the full QCD next to leading order corrections, which are essential to weight
the role of the gluon polarization [?]. These calculations are also not adequate for phenomenological
purposes because they are not able to describe the full target fragmentation kinematical region [?], that,
incidentally, is expected to be favored in the foreseen experiments [?]. Higher order corrections produce
singularities in this region that are usually avoided imposing cuts in the transverse momentum allowed
for the produced particles [?, ?].
In order to cope with the problem of the target fragmentation, a new factorization approach for semi-
inclusive processes has been introduced by Trentadue and Veneziano [?], dening new unpertubative
distributions, called fracture functions. These distributions measure the probability for nding a parton
and a hadron in the target and can be measured in the proposed experiments. The use of this approach
in next to leading order one-particle inclusive unpolarized deep inelastic scattering, has been recently
shown [?] to allow a consistent factorization of the collinear singularities coming from the kinematical
region where the hadron is produced in the direction of the incoming nucleon, and which cannot be
absorbed in the redenition of the usual distributions.
The extension of this approach to polarized phenomena using dimensional regularization [?], implies
an arbitrariness regarding the denition used for the 
5
matrix. Between the dierent prescriptions,
the one proposed in reference [?] (HVBM), has been proved to be fully consistent and extensible to
any order in perturbation theory. However, this prescription introduces nite soft contributions that
come from the breaking of chiral invariance and have to be substracted in the distribution functions,
withdrawing from the MS scheme [?, ?]. It is important, then, to show explicitely that the substraction
rule used for polarized parton distributions in totally inclusive processes factorizes the same singularities
and soft terms in those which are one-particle inclusive and can be generalised for fracture functions in
a completely consistent way.
In the following section we dene the spin dependent one-particle inclusive cross section in terms of
the polarized structure and fracture functions and the unpolarized fragmentation function. In the third
1
we show the results for the unsubstracted O(
s
) contributions coming from the relevant diagrams using
the HVBM prescription. Finally, we discuss the factorization of collinear singularities and the rules for
the substraction of nite soft terms in the dierent factorization schemes.
Denitions and kinematics.
In this section we introduce the spin dependent fracture function, generalizing what has been done
in references [?, ?], and we establish our notation.
In the one photon exchange approximation for the interaction between a lepton of momentum l
and helicity  and a nucleon N of momentum P and helicity 
0
, the dierential cross section for the








































































= (P + l)
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the phase space of n nal state partons in






) is the probability for nding a parton i with helicity 
00
carrying






































is the parton-photon matrix element, with the photon polarization vector factorized out.
In order to isolate the antisymmetric part of this tensor, which leads to the polarized structure






























































In analogy with the unpolarized case, treted in reference [?], we write the cross section for the production
of unpolarized hadrons h of energy E
h
















































































The variable u is given, as usually, by u = x=. The spin dependent fracture function M
j;h=N
(; )
is the probability for nding a polarized parton j with momentum fraction  and a hadron h with





are the usual spin dependent parton
distribution and fragmentation function respectively [?]. Notice that in the case of hadrons with spin,
the fragmentation function is exactly the unpolarized one due to the fact that we are summing over the
nal state polarizations because they are not observed in the present experiment. For spinless hadrons,
this is also true provided the fragmentation mechanism is independent of the helicity of the parent




In the following we calculate the spin dependent cross section up to order 
s
. For this purpose, it is
convenient to use the same kinematical variables as in the unpolarized case but contracting the matrix
elements H






















This projector picks up at tree level (Figure 1a) and after integrating over the phase space for one































where we have dropped the indeces labelling the target and produced hadron. The virtual corrections




























The results for the real gluon emission (Figure 2) and the box diagrams (Figure 3) were calculated using
the program Tracer [?] and can be found in apendix A. Notice that, as we are working in the HVBM




, must be isolated [?]. Working in the photon-parton center of mass frame, there
is no need to discriminate between the two outgoing particles, because they have opposite momenta.
Furthermore, in this frame the incoming particles do not have d   4 components of the momentum.
For fragmentation like congurations, the two-particle phase space in which the matrix elements are




















































i.e., the energy fraction of the parton  which undergoes hadronization. Due to the fact that all the










the phase space integration can be splitted into one part that is identical to the unpolarized case and
another one which is purely d   4 dimensional. The results coming from the latter are singled out,











































As it has been shown in reference [?], the distinctive value
 = a(u) 
x(1  u)
u(1  x)
(19)
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